INTRODUCTION
Envenomation by arachnids of the genus Loxosceles (brown spider), endemic to temperate and tropical regions of the Americas, Africa and Europe, leads to local dermonecrosis and also to serious systemic toxicity. Three principal Loxosceles species of medical importance are encountered in Brazil (L.
Laeta
1 , L. intermedia, L. gaucho) and more than 2000 cases of envenomation by L. intermedia alone are reported each year. In the USA six Loxosceles species (including L. reclusa: brown recluse) are responsible for numerous incidents (1) . Loxosceles laeta, possibly the most toxic and dangerous of all the species, is widely distributed and is encountered as far north as Canada (2) (3) and is endemic primarily in South and Central America.
The site of envenomation, which initially causes only minor discomfort, begins as an expanding area of erythema and edema. A centrally located necrotic ulcer often forms 8-24h upon envenomation (4) (5) . Extensive tissue destruction follows, the ulcer taking many months to heal and in extreme cases requires debridement or skin grafting. The lesions are remarkable considering that Loxosceles spiders inject only a few tenths of microliters of venom, containing no more than 30 µg of protein.
Mild systemic effects induced by envenomation, such as fever, malaise, pruritus and exanthema are common, while intravascular hemolysis and coagulation, sometimes accompanied by thrombocytopenia and renal failure, occur in approximately 16% of the victims (1, (6) (7) (8) (9) (10) (11) . Although systemic loxoscelism is less common than the cutaneous form, it is the main cause of death associated with Loxosceles envenomation. Most of the deaths occur in children and are related to the South American species, L. laeta (1) . Due to our limited understanding of the venom's mechanism of action, effective treatment is currently not available.
The recombinant SMases D Loxosceles laeta and L. intermedia retain all the local and systemic effects observed in the whole venom inducing dermonecrosis in rabbits, and rendering human erythrocytes susceptible to lysis by complement (12) (13) (14) (15) . In a mouse model of Loxosceles envenomation, they also induce intravascular hemolysis and provoke a cytokine response, which resembles that observed by guest on http://www.jbc.org/ Downloaded from in endotoxic shock (16) . SMases facilitate activation of the alternative pathway of complement on human erythrocytes by removal of glycophorins as a consequence of the activation of an endogenous metalloproteinase (17) and activation of the classical pathway of complement, possibly by disruption of the membrane asymmetry (18) . SMases D are not encountered elsewhere in the animal kingdom, however a similar enzyme is produced as an exotoxin by some pathogenic bacteria, notably Corynebacterium pseudotuberculosis, Corynebacterium ulcerans and Arcanobacterium (formerly Corynebacterium)
haemolyticum (19) (20) (21) . C. pseudotuberculosis causes lymphadenitis in animals and is also pathogenic to humans, whereas C. ulcerans and A. haemolyticum are pathogens of pharyngitis and other human infections (22) . The SMase D from C. pseudotuberculosis, also named SM-specific phospholipase D (PLD), is an essential virulence determinant that contributes to the persistence and spread of the bacteria within the host (23).
The Loxosceles and bacterial SMases D possess similar molecular masses (31-35 kDa) but share only limited sequence homology (13, 24) . In model systems, the Loxosceles and C. pseudotuberculosis enzymes provoke similar pathophysiological effects, including platelet aggregation, endothelial hyperpermeability, complement-dependent hemolysis, and neutrophil recruitment (13) (14) (15) (25) (26) (27) (28) .
Of the four major phospholipids present in the outer leaflet of the mammalian plasma membranes, only sphingomyelin is hydrolyzed by bacterial PLD and spider toxins resulting in the formation of ceramide-1-phosphate (Cer-1-P or N-acyl-sphingosine-1-phosphate) (13, (25) (26) .
In the presence of Mg 2+ spider and bacterial SMases D catalyze the release of choline from lysophosphatidylcholine (LPC), but not from phosphatidylcholine (PC) (24) . Plasma LPC is tightly bound to albumin and removal of its choline headgroup yields lysophosphatidic acid (LPA), a potent lipid mediator with numerous biological activities in many different cell type (29) (30) .
The crystal structure of SMase I (sphingomyelin cholinephosphohydrolase; E.C. National Synchrotron Light Source (LNLS, Campinas, Brazil) and the derivative diffraction data were collected using X-rays generated by a Rigaku RU300 rotating anode source equipped with Osmic confocal mirrors and diffraction intensities were measured using a MAR 345 imaging plate detector. Data were scaled and reduced using DENZO/SCALEPACK (32) , the data collection and processing statistics are presented in Table 1 .
Structure Determination and Refinement -The `quick cryosoaking´ method (33, 34) was used for derivatization and phasing. The structure was determined at 1.95Å using the SIRAS method and the anomolous differences were used to locate 41 iodine site with the SHELXD program (35) The refinement was initiated at 2.0Å resolution with an R-factor of 22.2% (R free =26.4 %).
Initial cycles of refinement involved TLS, restrained and overall B-factor refinement which was carried out by REFMAC5 (38) with the inclusion of non-crystallographic restraints. After each cycle of refinement, the model was inspected and manually adjusted to correspond to the computed σA-weighted (2Fo-Fc) and (Fo-Fc)-type electron-density maps using the program TURBO FRODO (Biographics, Marseille, France).
In the later cycles, the non-crystallographic restrains were relaxed and individual isotropic B-factors were refined. Solvent water molecules were added manually at the position of positive peaks (>3σ) in the difference Fourier maps taking into consideration hydrogen bonding potential. In the final cycles of refinement, additional density was observed in the difference electron-density maps which was attributed to the presence of Mg
2+
, sulphate ions and HEPES molecules.
RESULTS
The refinement of the structure of SMase I from L. laeta converged to a crystallographic residual of 18.6% (R free =22.5% for 5% of the data) for all data between 30.0Å and 1.75Å (no sigma or intensity cutoff; 99.5% data completeness). Residual electron density which was observed was attributed to the presence of an Mg 2+ ion based on the temperature factor (B factor=7. the expected ranges for a well refined structure ( Table 1 ).
The fundamental structural unit of SMase I is formed by a distorted TIM or (α/β) 8 -barrel (surface area=11,254Å 2 ) with the insertion of additional β-strands and α-helices (Figs. 2 and 3 ). The N and Ctermini flank one side of the barrel, the N-terminus leads directly to the first β strand whereas the Cterminus contains a short helix (8´) and a β-strand (H´) and caps the torus of the barrel (Figs. 2 and 3 ).
The asymmetric unit contains four molecules and can be considered to be made up of two dimers. The monomers forming the dimer are related by a two-fold axis of rotation perpendicular to the barrel (Fig. 4) and results in 3402Å 2 (or 33%) of the surface area of each monomer being buried. Dimerization is likely an artifact of the crystal packing interactions since the dynamic light scattering experiments indicate that the protein is monomeric in solution.
The opposite face of the barrel is surrounded by a ring of negatively charged amino acids and hydrophobic loops (Fig. 3) (Fig. 5a,b) . (Fig. 5b) .
The bound Mg 2+ ion (Fig 5a, b) (Fig. 3) which is structurally adjacent to the flexible loop (loop F) and is strictly conserved in bacterial and spider SMases D. The indole ring is partially disordered in three of the four molecules in the asymmetric unit, is aligned along the axis of the barrel and could be involved in stabilizing the choline head group of the substrate. (Fig 5b) . To overcome this, a rotation of the imidazole ring around κ1 and κ2
would be required and would permit His 47 Nδ1 to interact with the only possible proton donor in the vicinity which is Asp 34 Oδ2. Asp 34 could exist in the protonated state due to its configuration around the metal-ion binding site, transferring the proton to His 47 during catalysis.
Loxosceles spider venoms SMases D share high sequence homology and the amino acids considered to be involved in catalysis are strictly conserved. Structure based alignment (Fig. 1) 
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Wavelength (Å) Multiplicities of the derivative data sets were calculated with the Friedel-related reflections treated separately. Multiplicity of the native data set was calculated with the Friedel-pairs treated as equivalent. b R merge =Σ | Ι(h) I -{I(h)} | / Σ{I(h)}, where I h is the observed intensity of the i-th measurement of reflection h and {I(h)} is the mean intensity of reflection h calculated after scaling.
